
JOURNAL 
OF T H E  

F R ANKLI N IN STITUTE 
OF THE STATE OF PENNSYLVANIA,  

FOR THE PROMOTION OF THE MECHANIC ARTS. 

VOL. CVI. JULY, 1878. No. 1. 

Tn~ Frankl in  Ins t i tu te  is not  responsible, as a body, for the s tatements  and 
opinions advanced by contributors to the JOURNAL. 

EXPANSION OF STEAM IN THE STEAM-ENGINE. 

An Inveaifation of the Ezperlments made with the Serew Machinery of t ~  ~r~eh Naval 
8t#amer CHzn to Determine the Economic E.f~iencies of Dif~rent 
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By Chief Engineer ISHERW00D, U. S. Navy. 

In the month of February, 1866, the experiments whose data and 
results are given in the following table, were made with the machinery 
of the French Naval Steamer Chef ; the vessel being held stationary 
in the basin of the Naval Arsenal at Cherbourg, while the machinery 
was operated; the power developed by the engine being applied to 
the displacement of water by the screw. 

These experiments were made by very distinguished engineers of 
the French Navy ; they were conducted by Messrs. Joessel and Thibau- 
dier, under the supervision of Mr. Moll, and had for their main object 
the determination of the relative economic efficiencies of the different 
measures of expansion with which the steam was used under the 
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experimental conditions ; they were undertaken as a test of the results 
of the well known experiments made by the writer for the same pur- 
pose with the paddle-wheel machinery of the United States Steamer 
Michigan, at Erie, in 1860 and 1861, the vessel in this case having 
been also held stationary at the dock while the machinery was in 
operation. 

The writer's experiments on this subject preceded, by a number of 
years, all others, and he was the first to show the quickly reached 
limit of the economic gain due to increasir~g measures of expansion, 
and the causes determining that limit, the principal of which was the 
rapidly increasing cylinder condensation which accompanied the in- 
creasing measures of expansion. He first showed that steam, instead 
of being a gas and governed by the ideal laws of such a substance, 
was the most unstable of vapors; that the abstract law of Mariotte 
had a limited concrete application to it, and that its economy was 
mainly controlled by the physical conditions of its use, such as the 
heat-absorbing, and heat-imparting power of the iron cylinder subject 
to great variations of temperature on its inner surface during a double 
stroke of the piston, and also of the back pressure against the piston 
of the uncondensed vapor, when the problem was conditioned for 
equal initial cylinder pressure, speed of piston and power developed, the 
space displacement of the piston per stroke being necessarily variable 
with the measure of expansion employed for the steam, larger measures 
of expansion requiring larger cylinders. These conditions gave for the 
increasing measures of expansion, a decreasing mean pressure per 
square inch of piston, while the back pressure continuing constant per 
square inch of piston, became a larger and larger proportion of the 
mean pressure (measured from zero) as the measure of expansion 
became greater and greater. It  was obviously only necessary to carry 
the expansion far enough with any constant back pressure, to make 
the latter nearly balance the mean pressure, and the external work of 
the engine would be reduced to nothing, its whole power being em- 
ployed in overcoming its friction and the back pressure against its pis- 
ton. The back pressure, therefore, reduced the commercial economy 
of the steam more with the greater than with the less measures of 
expansion. The same observation applies to the pressure required to 
overcome the friction of the engine, per se, that is, to work it unloaded. 
This pressure per square inch of piston, like the back pressure, is 
nearly constant, and it is only the remainder of the mean pressure above 
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zero after the subtraction of both, that is commercially useful in 
doing external work. The friction pressure, therefore, still further 
limits the measure of beneficial expansion. 

From the foregoing it is obvious tliat a proper comparison of the 
commercial economy due to various measures of expansion, requires 
the net power developed by the engine in each case to be compared 
with the cost of producing it in fuel, or more accurately with the number 
of units of heat in the boiler steam required to produce it, the net 
power being the power due.to the mean pressure on the piston above 
zero, less the back pressure and the friction pressure. 

The waste spaces in the clearance of the piston, and in the steam 
passages, also limit the measure of beneficial expansion ; first, by the 
heat-absorbing and heat-imparting nature of the inner metallic sur- 
faces, for they experience the same changes of temperature as the 

• inner surface of the cylinder; second, by the steam required to fill 
these waste spaces, which is greater, proportionally to power pro- 
duced, with larger than with smaller measures of expansion. 

The combined effect of all the foregodng causes, under the conditions 
stated, is found experimentally to limit the commercially beneficial 
measure of expansion for saturated steam of not more than 25 pounds 
pressure per square inch above the atmosphere, used in condensing 
non-compound engines without steam-jacketed cylinders, to what is 
due to cutting it off when the piston has completed 0"6 of the stroke 
of its piston, being equivalent to an expansion of about one and a 
half times. With higher steam pressure, with superheated steam and 
with steam-jacketing, the foregoing causes become proportionally less, 
and the beneficial measure of expansion increases; but it is very 
doubtful if any gain can be obtained with practicable pressures and 
superheating beyond what is given by an expansion of about three 
times, and the difference in the economic results between expansions 
of one and a half and three times, is not'large. 

The writer also first showed that when steam was used expansively, 
the cylinder acted both as a condenser and a boiler : as a condenser 
during the portion of the stroke of the piston preceding the closing 
of the cut off or expansion valve, and as a boiler during the remain- 
ing portion of the stroke ; part of the water of condensation deposited 
on the cylinder surfaces during the first portio~ of the stroke, vapor- 
izing during the last portion by its contained heat and the heat of the 
metal of the cylinder under the continuously decreasing pressures due 
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to the continuous expansion of the steam. Whatever water of con- 
densation remained when the piston reached the end of its steam- 
stroke, vaporized during its exhaust-stroke under the still lower 
condenser pressure, so that when the steam-valve again opened to 
admit steam from the boiler to the cylinder~ the whole of the steam 
which had been condensed in the latter had been re-evaporated and 
passed over into the condenser. 

The writer not only stated these facts qualitatively, but gave, by 
means of his experiments, very exact quantitative measures of the 
per centum of the steam evaporated in the boilers condensed in the 
cylinders prior to the closing o f  the expansion-valve, and the per 
centum of the steam vaporized in the boiler present in the cylinder 
at the end of the stroke of the piston ; the difference between the two 
per eentums showing the amount of the re-vaporization after the 
closing of the expansion-valve above any condensation which might 
have occurred during the expansion portion of the stroke. 

It  would seem that no great difficulty should have been found in 
accepting the experimental facts first published by the writer in this 
connection, particularly as they admitted of easy confirmation by a 
few rough trials with almost any engine: nor in perceiving that the 
discrepancies between them and what ought to have been obtained 
according to the ideal law of Mariotte, were due to the causes he dis- 
covered ; yet the facts and the deductions were violently impugned in 
both America and Europe, but apparently with more of wounded 
vanity and alarmed interest than of philosophic spirit; they are now, 
however, accepted almost everywhere, and nowhere more completely 
than in France, whose steam engineers as a class are incomparably 
superior in scientific education to those of other nations. The 
problem is purely an experimental one, and does not require for its 
solution either mathematics or physical science, though both may be 
invoked to explain the solutlon after it is obtained. In this manner 
the problem was treated by the writer who put the question directly 
to nature under the conditions of ordinary practice, and received an 
infallible reply in the experimental results. The French engineers 
followed exactly his method, and obtained the same answer, as will 
be seen by the conformity of their results in the following table. Nor 
has the writer ever found different results, either in his own very 
numerous and carefully conducted experiments on a large scale, or in 
those of others. 
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In order that the scale on which the experiments of the Oher 
were conducted' may be understood, the following dimensions of the 
machinery are given: 

ENGINB. 

There is one compound back action engine, of the kind known as 

the Depuy de L6me type. It consists of three cylinders of equal 
diameter and stroke of piston, placed horizontally side by side; the 
steam from the boiler being admitted into only the middle cylinder, 
where it: is cut off by lap on the main valve when the piston has 

completed 0"88 of its stroke. From the middle cylinder the steam 
is expanded simultaneously into the two end cylinders, where it is 
cut off by lap on the main valve when 0"78 of the stroke of the 
piston is completed. The steam is not cushioned in any of the 
cylinders. From each end cylinder the steam is exhausted into a 
surface condenser placed immediately opposite to i t ,  and the two 
condensers are connected by a pipe at their top, so that the vacuum 
is the same in both, and the condensing surface in both is available 
for the steam from each end cylinder. These two cylinders are con- 
nected upon the same shaft by cranks at an angle of 90 degrees; 
and the middle cylinder is connected to this shaft at an angle bisect- 
ing 90 degrees, its crank making an angle of 135 degrees with those 
of the end cylinders. The cylinders are not steam-jacketed, except 
in so far as the passage is concerned by which the boiler steam is 
carried over each end cylinder to the middle cylinder. There is no 
separate cut-off valve on the end cylinders, but there was one on the 
middle cylinder arranged to close when the piston of that cylinder 
had completed the 0.4, 0"5 and 0"6 of its stroke. 

The cylinder-valves were worked from cranks on a small shaft, 
placed immediately over the crank-shaft and receiving motion from 
it through spur-gearing of equal diameter, consequently the stroke of 
the valves could not be varied. 

Each end cylinder worked a horizontal double acting air-pump and 
circulating-pump for its own condenser. 

Number of cylinders, 3" 
Diameter of each cylinder, . . 4.3"3079 in. 
Stroke of the piston of each cylinder, . . 1"64045 ft. 
Net area of each piston, exclusive of areas of rods, 1460'500 sq. in. 
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Space displacement of each piston per stroke, ~( 
exclusive of rods, i 

Aggregate condensing surface in both condensers, 

16"638 cu. ft. 

1266"098 sq. ft. 

BOILERS. 

There are two boilers with horizontal return-tubes. Each boiler con- 
tains three furnaces of the same dimensions. Both boilers discharge 
their gases of combustion into one chimney, the base of which is 
occupied by a steam superheater composed of plates. 
Number of furnaces, 6" 
Aggregate area of grate furnace~ . . 87"514 sq. ft. 
Aggregate area of water-heating surface, calcu- "}" 

lated for the outside circumference of t h e ~  2249"525 sq. ft. 
tubes, 

Aggregate cross area of the tubes for draught, 14"586 sq. ft. 
Area of steam superheating surface, 212"703 sq. ft. 
Square feet of water-heating surface per square ~" 25"705 foot of grate surface, f 
Square feet of steam superheating surface per ~ 2"430 

square foot of grate surface, 
Square feet of grate surface per square foot of 6.000 

cross area of tubes, 

Screw. 

There is one Mangin screw with two pairs of blades~ one pair being 
directly behind the other. The pitch expands gradually from the 
forward to the after edge of each blade. When the blades are viewed 
in projection on a plane parallel to the axis of the screw, their edges 
taper towards each other from the hub by straight lines, the length 
of the screw being greater at the hub than at the periphery. The 
central line of each blade is at right angles to the axis. 

Diameter of the screw, 11"483 feet. 
Diameter of the hub, 1-750 " 
Initial pitch, . . . . .  12"139 " 
Mean pitch in function of surface alone, 13.452 " 
Final pitch, . . . 14"765 " 
Number of pairs of blades, . . . 2" 
Length of the screw in the direction of the axis at the hub, 1"8833 " 
Length of the screw in the direction of the axis, at half 

the radius, . . . . . .  1"3452 " 
Length of the screw in the direction of the axis, at the 

periphery, . . 0"8071 ~' 
Fraction used of the pitch at the hub~ 0"280 " 
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Fraction used of the pitch at half the radius, . 0.200 feet. 
Fraction used of the pitch at the periphery, . 0"120 " 
Mean fraction used of the pitch in function of surface 

and of the propelling efficiency of the surface, 0"162 " 
Helicoidal area of the screw-blades, 
Projected area of the screw-blades on a plane at right 23"191 

sq. 

angles to axis, 18"460 " " 

Experiments made on the Screw Machinery of  the CHRR with the vessel held stationary at 
the dock, to ascertain the relative economic effieiencies of superheated steam used with 
different measures of ezpaneion and without throttling; used with different boiSer 
pressures, the same measure of  expansion and without throttling ; and used with throt- 
tling. Also, to ascertain the economic efficiency of  saturated steam used with scarcely 
any expansion in a simple two cylinder engine .formed by omitting the third or high 
pressure cylinder from the compound engine of  the CH~. Likewise to ascertain the 
economic vaporization by the boiler. 

The data and results of the experiments made for the above purposes 
will be found in the following table, each column of which is appro- 
priated to a single experiment and is lettered for facility of reference ; 
the lines containing the quantities are grouped and numbered for the 
same reason. This table has the writer's own arrangement, but it con- 
tains every fact given in the original data. 

Experiments A, B, C and D were made with superheated steam 
of the constant boiler pressure 27"53 pounds per square inch above 
the atmosphere, expanded 2'26, 3"21, 3"78 and 4"59 times, correspond- 
ing to cutting it off in the cylinders of a simple engine having the 
same waste spaces in clearance and steam passage, at 0"41, 0'27, 0'22 
and 0"17 of the stroke of the piston from the commencement. The 
steam was used with a wide throttle and an average superheating of 
14"1 degrees Fahrenheit on entering the valve chest. 

Experiments E ,  F, G and H were duplicates of experiments A, 
B, C and D, respectively, except that they were made with steam of 
less boiler pressure and more superheated ; the constant boiler pres- 
sure being 19"52 pounds per square inch above the atmosphere, and 
the superheating averaging 21"8 degrees Fahrenheit. 

Experiments A to H, both inclusive, were made for the purpose of 
ascertaining the relative economic efficiencies of the different meas- 
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ures of expansion with which the steam was used ; and the e x t e ~  to 
which that economy was influenced for each measure of expansion by 
the difference of the boiler pressure in the two sets of experiments 
otherwise the same. 

Experiments I, J, K and L were made to ascertain the relative 
economic efficiencies of superheated steam of different boiler pressures 
used with the same measure of expansion and without throttling. 
These pressures varied from 27"29 to 1"2'19 pounds per square inch 
above the atmosphere; the measure of expansion was 2"26 times; 
and the superheating varied from 11'5 to 80"3 degrees Fahrenheit, 
increasing as the boiler pressure decreased. Experiment I is experi- 
ment A, and experiment K is experiment E;  experiments A and E 
being repeated in columns I and K for the purpose of completing the 
series in proper sequence. 

Experiments M and 57 were made to ascertain the effect of throt- 
tling on the economic efficiency of the steam which was superheated, 
respectively, 19'9 and 16.8 degrees Fahrenheit, expended 2'26 times, 
and had the same boiler pressure of 27"87 pounds per square inch. 
In experiment M the throttle valve was 0"30 open, and in experi- 
ment N, 0.25. 

Experiment 0 was made to ascertain the economic efficiency of 
saturated steam admitted to only the end cylinders and expanded 
therein 1"26 times, that being the greatest measure of expansion 
which could be obtained in these cylinders, as they had no expansion 
valves, and could cut off by the steam-lap alone on their main steam- 
valves. The middle cylinder was not in use, its connecting rod was 
disconnected from the crank-pin, its main steam-valve was removed 
from the valve-chest, and its steam-ports were securely closed, the 
boiler steam passed through its exhaust port to the valve-chests of 
the end cylinders. Although the boiler steam in experiment 0 war 
superheated 12'5 degrees Fahrenheit when entering the valve-chest 
of the middle cylinder, it had only the tempei'ature due to its pres- 
sure as saturated steam in the reservoir, and it consequently entered 
the valve-chests of the cylinders without superheating. 

The following are the quantities on the different numbered lines, 
and the manner in which they were obtained: 

Line 1 contains the letters designating the experiments ; and line 
2 contains the date on which they were made. 
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Lines 3, 4 and 5 give the boiler power in use. They contain 
respectively the number of furnaces, and the square feet of grate sur- 
face and of water-heating surface in use. T h e  steam superheating 
surface in use was 212"703 square feet in all the experiments. 

Lines 6, 7 and 8 contain respectively the steam pressures in the 
boilers, in the steam-pipe near the middle cylinder just in advance 
of the throttle.valve, and in the reservoir between the middle and 
end cylinders, in pounds per square inch above ~he atmosphere. 

Line 9 shows the proportion of the throttle-valve open. It  was 
wide open in all the experiments except M and N. 

Line l0 contains the fraction of the stroke of the piston of the 
middle cylinder completed when the steam was cut off. In experi- 
ment O, this point of cutting off is for the end cylinders, the middle 
cylinder being out of use. 

Line 11 shows the number of times the steam was expanded during 
each experiment, and is inclusive of the effect of the waste spaces in 
the clearances of the pistons and in the steam passages. 

Line 12 contains the number of double strokes made per minute 
by the pistons. 

Line 13 contains the temperature of the steam in the steam-pipe 
near the middle cylinder due to its pressure as saturated steam, 
while line 14 contains its actual temperature by observation as indi- 
cated by a thermometer immersed in the pipe. The difference of the 
quantities on lines 13 and 14 is contained in line 15, which shows 
the superheating in degrees Fahrenheit possessed by the steam when 
entering the valve-chest of the middle cylinder. 

Line 16 contains the temperature of the steam in the reservoir 
between the middle and end cylinders due to its pressure as saturated 
steam, and line 17 contains its actual temperature by observation, as 
indicated by a thermometer immersed in the reservoir. These quan- 
tities are exactly the same, and show, as expressed on line 18, that 
all the superheating had been ]ost in the middle cylinder, the steam 
entering the end cylinders being saturated. 

Line 19 contains the conjectured temperature of the feed-water. 
In the original data of these experiments, this temperature is not 
noted; but it could have been only a few degrees, if any, different 
from what is given on line'19. 

Line 20 contains the number of pounds of feed-water pumped into 
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the boilers per hour. It  was measured in six of the vessel's tanks 
placed on the deck, three on each side, and connected by hose to the 
suction-valve chests of the two feed-pumps. The aggregate capacity 
of the six tanks was 700 cubic feet. The quantity of water to be 
used in any experiment was fixed in advance, and the time of using 
it was ascertained by observation. The experiments were always 
ended with the tanks just empty, so as to avoid any uncertainty in 
the measurement of fractional parts. The water for the tanks was 
obtained from the Arsenal through a hose, and had the temperature 
of the atmosphere. 

Line 21 contains the number of pounds of water of condensation 
drawn per hour from the reservoir between the middle and end 
cylinders, and measured in a tank, This tabular quantity is neces- 
sarily much less than the real quantity~ owing to evaporation in the 
tank. The water when drawn from the reservoir had the temperature 
of the steam pressure in the reservoir; but, when in the tank, being 
exposed to only the atmospheric pressure and temperature, a con- 
siderable quantity must have escaped in vapor. Besides this, a large 
portion of the water of condensation from the middle cylinder and 
reservoir must have been swept onward by.the steam current into the 
end cylinders. 

Line 22 contains the number of pounds of coal consumed per hour. 
This coal is a prepared fuel of very superior quality, employed ex- 
clusively for the trials of the machinery of French naval vessels. It  
is formed of the fine coal from the Anzin mines in the northeast of 
France, carefully washed, dried, and then mixed with just enough 
coal-tar to give coherence when forcibly compressed into the form of 
bricks. The fine coal itself, before washing, is of the best quality 
found on the continent of Europe ; after washing, it has less that 
4 per centum of ash, and it makes no clinker. Its cohesion is suffi- 
cient to prevent it from falling between the grate-bars in small pieces, 
and its economic vaporization and rate of combus¢ion are about equal 
to that of the best Welsh steam coal. For these experiments, the 
coal was weighed into sacks, each sack containing the same number 
of pounds, so that the weight of coal consumed during an experiment 
was ascertained by merely counting the emptied sacks. 

Lines 28 and 24 contain, respectively, the number of pounds of 
coal consumed per hour per square foot of grate surface and of 
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heating surface. These quantities are the quotients of the division of 
those on line 22 by the quantities on lines 4 and 5. 

Lines 25 to 30, both inclusive, contain the pressures in pounds per 
square inch upon the steam-pistons as given by indicators attached 
to each end of each cylinder. A complete set of indicator diagrams 
was taken every half hour. On line 25 is the mean indicated pres- 
sure on the piston of the middle cylinder. The back pressure against 
that piston is not given in the original data of these experiments. On 
line 26 is the mean net pressure on the piston of the middle cylinder, 
obtained by subtracting 1"5 pounds per square inch from the mean 
indicated pressure upon it. On line 27 is the mean indicated pressure 
upon the pistons of the end cylinders; and line 28 contains the net 
pressure upon them, obtained by subtracting from the mean indicated 
pressure 1-5 pounds per square inch. Line 29 contains the mean 
back pressure against the pistons of the end cylinders ; and line 30 
contains the mean total pressure upon the pistons of the end cylinders~ 
given by the addition of the quantities on lines 27 and 29. 

Lines 31 to 38~ both inclusive, contain the number of horse-power 
of 33,000 pounds raised one foot high per minute, developed by the 
engine. Lines 31 and 32 contain, respectively, the indicated and net 
horse-power developed by the middle cylinder alone, calculated from 
the area of the piston of that cylinder and the pressures on lines 25 
and 26. Lines 33, 34 and 35 contain, respectively, the indicated~ 
net and total horse-power developed by the end cylinders alone, 
calculated from the aggregate areas of their pistons and the 
pressures on lines 27, 29 and 30. Line 36 contains the aggregate 
indicated horse-power developed by all the cylinders, obtained by the 
addition of the quantities on lines 81 and 33. Line 37 contains the 
aggregate net horse-power developed by all the cylinders, obtaine4 
by the addition of the quantities on lines 32 and 34. Line 38 contains 
the total horse-power developed by all the cylinders, obtained by the 
addition of the quantities on lines 31 and .35. 

Lines 39, 40 and 41 contain the number of pounds of coal con- 
sumed per hour per indicated, net and total horse-power developed 
by the engine. They are respectively the quotients of the division 
of the quantities on line 2"2 by those on lines 36, 37 and 38. 

Lines 42, 43 and 44 contain the number of pounds of feed-water 
converted in steam consumed per hour per indicated, net and total 
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horse-power developed by the engine. They are respectively the 
quotients of the division of the quantities on line 20 by those on 
lines 36, 37 and 38. 

Line 45 contains the number of Fahrenheit units of heat con- 
sumed per hour for total horse-power developed by the engine. 
These quantities are obtained by multiplying, respectively, those on 
line 44 by the number of Fahrenheit units of heat put into the feed- 
water by the combustion of the coal consumed. That number of 
Fahrenheit units will be the total heat in Fahrenheit units above 
zero of the boiler-steam, minus the 50 Fahrenheit units in the feed- 
water when pumped into the boilers, and plus the Fahrenheit units in 
the superheating obtained by multiplying the quantities on line 15 
by 0"4805. The quantities on line 45 express relatively the true 
weights of fuel employed in the formation of the steam in the boiler. 

Lines 46 and 47 contain what would have been the number of 
pounds of feed-water vaporized per hour by the coal on line 22, 
had its temperature, instead of being 50 degrees Fahrenheit, been, 
respectively, 100 and 212 degrees Fahrenheit, and had it been vapor- 
ized Under the standard atmospheric pressure of 29"9"2 inches of mer- 
cury instead of the pressures on line 6. 

The quantities on lines 48 and 49 are the quotients of the division 
of those on lines 46 and 47, by those on line 22, and give the com- 
parable vaporizations of the feed-water per pound of coal under 
standard conditions. 

Line 50 contains, in per centum of the weight of steam (line 20) 
evaporated per hour, the difference between that weight and the weight 
present in the middle cylinder at the moment when the cut off valve 
closed, calculated from the pressure of the steam at the point of cut- 
ting off as given by the indicator diagrams. The quantities on line 
50 show the per centum of the steam entering the middle cylinder 
condensed in it when its piston had completed the 0"88 of the stroke. 

Line 51 contains the quantities on line 50 increased or diminished 
in the ratio of 60 to the number of double strokes made by the pis- 
tons per minute on line 12. The purpose of the quantities on line 51 
is to show the effect on the cylinder conder~sations of the number of 
double strokes made i~er minute by the pistons. 

[To be continued, l 
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BY CHIEP ENGINEEU ISHE!+ 

TABLE CONTAINING THE DATA AND RESULTS OF THE EXPERIMENTS MADE AT THE MARINE ARSENAL 

SUB-ENGINEERS JOESSEL AND THIBAUDIER, OF THE FRENCH NAVY,ON THE COMPOUND ENGINE OF THE 

USED WITH DIFFERENT MEASURES OF EXPANSION AND WITHOUT THROTTLING; USED WITH DIBBEREN 

THROTTLING. ALSO,TO ASCERTAIN THE ECONOYIC EFFICIENCY OF SATURATED STEAM USED 

PRESSURE CYLINDER FROM THE COMPOUND ENGINE OF THE“CHER." LIKEWISE, TO ASCERTAIN 



rHE STEAM-ENGINE. 

OD, U. S. NAVY. 

i, DURING FEBRUARY, 1866, UNDER THE SUPERVISION OF DIRECTOR OF NAVAL CONSTRUCTION MOLL, BY 

STEAMER “CHER,” TO ASCERTAIN THE RELATIVE ECONOMIC EFFICIENCIES OF SUPERHEATED STRAW 

LER PRESSURES, THE SAME MEASURE OF EXPANSION AND WITHOU” THROTTLING; AND USED WITH 

Y ANY EXPANSION IN A SIMPLE TWO-CYLINDER ENGINE, FORMED BY OMITTING THE THIRD OR HIGH- 


